Effect of gamma radiation on the whole body contents of nutritional materials was investigated for potato tuber moth, Phthorimaea operculella Zeller, fed on irradiated potato tubers. The statistical analysis of the data indicated that the quantities of carbohydrates, proteins and lipids in the whole body of the adults of Ph. operculella were affected significantly. There was a correlation with their changes in the potato tubers; as a significant decrease in protein and carbohydrate contents was recorded for potato tubers and both male and female moths at most doses. Although lipid was recorded as a trace amount in both non-irradiated and irradiated potatoes it was significantly increased in males fed on irradiated potatoes at all doses. While a significant decrease in lipid contents at lower doses (50 and 70 Gy) was recoded , a significant increase at higher doses (100, 150 and 200 Gy) was noticed in case of females. The total body weight of insects was affected directly with the increase in the dose of potato irradiation
INTRODUCTION
The potato tuber moth, Phthorimaea operculella Zeller (PTM) is one of the most destructive pests of cultivated potato worldwide either in the field or storage. The larvae mine into the leaves and stems of young plants, and bore into the tubers as soon as they are formed. During storage, the damaged tubers rot and become unsuitable for human consumption. The adult moth flies from the infested tubers in the storage and from neglected small lots in warehouses or farms to the fields where it causes pre-harvest infestation. Conventional control methods are not very successful because the larvae pass a major portion of their life inside the tubers (Haiba, 1990) . One third of the world's food supply is lost post-harvest as a result of too rapid ripening, sprouting in storage, insect infestation, and bacterial and fungal attack. Chemical insecticides that are widely applied for disinfestations cause health hazards to human beings and environment. To alleviate these problems, ionizing radiation, e.g. gamma rays, X-rays or electrons, can be used to extend the life of certain fruits and vegetables by delaying ripening or killing moulds, and for the control of insect infestation of grains and other stored products. It is also a safer and cheaper control method { Elvin, et al., (1974) ; Khan, (1990) ; Henry, (1998) ; Guy, (1999) ; Farkas, (2006) ; Villavicencio et al., (2007) and Bhat and. Sridhar, (2008) }.
Generally, it is well known that the growth of phytophagous larvae is indirectly influenced by the chemical or physical factors, or both, which characterized their host plants. In term of chemical factors, the plant may be low in some essential nutrient, or have growth inhibiting compounds, or both (Reese and Field 1986 ) .
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The biological disturbance in PTM due to their rearing on irradiated potato tubers with gamma rays was investigated by Rananavare et al., (1991) ; Haiba, (1994 and 2000) and Saour et al., (1999) . Haiba, (1994 and 2000) found that the irradiation of potato tubers with 50, 70, 100, 150 and 200 Gy affected significantly most biological aspects of PTM. As significant reduction in fertility, fecundity and percentage of pupation and adult emergence were recorded. Also the emerged adults exhibited some malformations especially in the higher doses.
The present study measures the quantity of carbohydrates, proteins and lipids in the whole body of Ph. operculella, in both sexes fed on non-irradiated potato tubers. The aim of this study is to compare both results to explain if there is an adequate relationship between the biochemical content of the insects and potato irradiation and also to explain the reasons of the disturbance in biology due to their feeding on irradiated potatoes previously reported by Haiba, (1994 and 2000) .
MATERIALS AND METHODS
The potato tuber moths, Ph. operculella, were reared in the laboratory of Entomology Deparment, in Benha University, Faculty of Sciences according to Haiba, (1990) .
Experiments were carried out on the whole body of unmated newly emerged moths, resulting from larvae fed on irradiated potato tubers (Spunta variety) with doses 0, 50, 70, 100, 150 and 200 Gy according to Haiba, (1994 and 2000) under laboratory conditions of temperature 30 ±2 o C. Potato Irradiation was carried out through the model 3500 Gamma Cell Irradiation Unit ( 60 Co source) installed in the Middle Eastern Regional Radioisotope Center for the Arab Countries with a dose rate 1.3 rad/Sec.
Analysis of proteins, carbohydrates, and lipids was carried out by methods described by Bradford. (1976) ; Singh, (1977) and Knight et al., (1972) , respectively in the Plant Protection Research Institute.
Effect of potato irradiation on the body weight of both newly emerged male and female moths was recorded (14 insect/three replicates).
The results obtained were statistically analyzed by using Duncan's Multiple range (Gomez and Gomez 1984) .
RESULTS
Effects of different gamma radiation doses on the biochemical components of potato tubers and both female and male moths of Ph. operculella that emerged from larvae fed on non-irradiated and irradiated potatoes, are given in Tables 1, 2 and 3, respectively. The effect of potato irradiation on the body weight of both male and female moths was recorded in Table (4). Means, within a column, bearing different subscripts are significantly different (P< 0.01) *Trace amounts of lipids were found which were difficult to detect. The amounts of carbohydrates and proteins in potato tubers (Table1) were statistically affected by gamma radiation. The carbohydrate contents were significantly decreased at all doses except at 100 and 150 Gy (4256 and 4137 mg/g. tuber, respectively); it was significantly increased than the control (3767 mg/g. tuber).
A significant reduction in protein content was recorded at lower doses comparing with the non-irradiated potatoes. However, a significant increase was measured at the higher doses 150 and 200 Gy (1733 and 1862 mg/g. tuber, respectively). Trace amounts of lipids was recorded in both control and irradiated potatoes but it was difficult to detect.
The whole body contents of proteins, carbohydrates and lipids for both females and males reared as larvae on irradiated potato tubers were significantly affected compared with those reared on non-irradiated ( Tables 2and 3, respectively) .
Carbohydrate content was decreased significantly in case of males and females at all doses compared with the control, while it was significantly increased at the dose 100 Gy (P < 0.01) for females (36±0.6 mg/g.b.wt) and no significant change was measured at the dose 200 Gy for males.
The total protein content was decreased significantly in both males and females at all doses than the control, except in case of the dose 200 Gy a significant increase (P < 0.01) in male protein contents was measured (52.5 mg/g.b.wt).
Although lipid content was recorded as a trace amount in both nonirradiated and irradiated potatoes it was significantly increased in males fed on irradiated potatoes at all doses. However, the data of females indicated a significant decrease in lipid contents at lower doses (50, 70 and 100 Gy) and a significant increase at higher doses (150 and 200 Gy) (P < 0.01). The total body weight of both females and males (Table 4 ) increased in insects fed on irradiated potatoes than those fed on non-irradiated potatoes. The heaviest female and male weights (95.13 and 67.23 mg/ 14 insects, respectively) were obtained when female and male larvae were fed on 150 and 70 Gy irradiated potatoes, respectively and the lightest weights for both females and males were recorded at the control (71.93 and 48.17 mg/ 14 insects, respectively).
DISCUSSION
Gamma irradiation of potato tubers showed significant biochemical changes in tubers and their pest potato tuber moth, Ph. operculella, which was fed at the larval stage on irradiated tubers.
The total carbohydrate contents of potato tubers irradiated with doses 50,70 and 200 Gy were lower than the control, whereas they were higher for doses 100 and 150 Gy. A significant reduction in tuber protein contents were measured at lower doses comparing with the control. However a significant increase was measured at the higher doses 150 and 200 Gy. Elton, (1978) reported that the potato tubers provide a significant amount of protein, carbohydrate, vitamin C and iron. He reported that carbohydrates were the main energy source.
The present study showed that trace amounts of lipids were found in potato tubers and it was difficult to detect. Mondy and Mueller, (1977) demonstrated that all the root crops and tubers exhibit a very low lipid content. These are mainly structural lipid of the cell membrane which enhance cellular integrity, offer resistance to bruising and help to reduce enzymic browning Similar results were observed by many authors, as Jaarma, (1958) who stated that in tubers irradiated with 40-100 Gy, sucrose and glucose increased while fructose decreased. While Filep and Koposztassy, (1971) observed a reduction in sucrose content following irradiation. Kai Fu et al.,(1977) reported that irradiation of tubers with various doses induced reduction total sugars, lipids, proteins and fiber. Becker and Somogyi, (1977) observed an increase in sucrose contents with the increase of dose level.
Other authors showed no significant impairment in the nutritional quality of proteins, lipids and carbohydrates constituents when foods were exposed to ionizing radiation { (Godwin,; Josephson el al., (1979) ; Kashani and Valadon, (1984) and Kovács et al., (1986) }.
In an attempt to understand some of the changes induced in potato tubers by irradiation many researchers have investigated the effect of irradiation on carbohydrate metabolizing enzymes. Ussuf and Nair, (1972) showed that phosphorylase activating was increased within 2 hours of irradiation (10 Krad), but doses as high as 500 Krad decreased activity. Becker and Somogyi, (1977) demonstrated that the increase of sucrose after irradiation was related to a rise in phosphorylase activity ranging from 147-355%, depending on variety. Increases in phosphor-glucomutase, UDP-glucose-pyrophosphorylase, sucrose synthase and sucrose phosphate synthase have also been reported by (Hayashi and Aoki, 1985) .
One of the main effects of ionizing radiation on carbohydrates in food is the abstraction of hydrogen from the carbon-hydrogen bonds of the carbohydrate, resulting in directly ionizing and exciting the carbohydrate molecule. Carbohydrate radicals may result from ionization of monosaccharides such as glucose or polysaccharides such as starch. Starch may be degraded into dextrins, maltose, and glucose. Sugar acids, ketones, and other sugar monosaccharides may also be formed as a result of ionizing radiation. (Diehl, 1995) .
With respect to proteins, several types of reactions can occur as a result of irradiation. One type of reaction is the breaking of a small number of peptide bonds to form polypeptides of shorter length than the original protein. Radiation induced aggregation or cross-linking of individual polypeptide chains can also occur; these processes result in protein denaturation (Urbain, 1977) .
The present study revealed that the quantities of carbohydrates, proteins and lipids in the whole body of Ph. operculella were affected significantly in both males and females when fed on irradiated potato tubers as larvae comparing with the control. A significant decrease in carbohydrate contents was recorded for both males and females at 50, 70 and 200 Gy doses. Whereas a significant increase was recorded at the dose 100 Gy for females and no significant change was measured at the dose 200 Gy for males.
A distinct quantitative decrease in carbohydrate composition in insects fed on gamma irradiated mung beans was observed by Machaia et al., (1999) due to the reducing sugar, mainly glucose, fructose and glactose. The same results observed by Machaiah and Pednkar, (2002) when insects fed on gamma irradiated legumes.
Carbohydrate serve as a source of energy and may be converted to fats for storage and to amino acids (Chapman, 1998) . Carbohydrate are the most important nutrients affecting reproduction and longevity ( Stephanie and Fischer, 2005) .
In the present study,the total protein contents were lower significantly in both males and females at all doses than the control, except in case of the dose 200Gy where a significant increase in male protein contents was measured.
Protein has been shown to affect important individual-level fitness-associated traits such as body size, growth rate, and fecundity; and at higher levels of organization has been linked to population dynamics, life histories, and even biological diversification { (Joern and Behmer, 1997) and (Fagan et al., 2002 )}.
Protein is important for yolk production and the diet of the female insect may be modified to provide this protein. During the early stages of egg development much protein is ingested and the intake of protein stimulates the corpora allata which secrete a factor leading to increased carbohydrate intake during the period of yolk deposition in the eggs (Engelmann,1969) .
Amino acids, usually present as protein, are required for the production of tissues and enzymes. The absence of any one of the amino acids usually prevent growth (Chapman, 1998) .
The present data showed that although lipid was recorded as a trace amount in both non-irradiated and irradiated potatoes it was significantly increased in males and females fed on irradiated tubers at all doses than those of control. Except for females fed on irradiated potato tubers with lower doses 50 70 and 100 Gy a significant decrease in lipid contents was measured.
Lipids are found in both plants and animals, where they operate as electron carriers, substrate carriers in enzymatic reactions, components of biological membranes, and sources and stores of energy. Sterols, fatty acids, fat-soluble vitamins, and carotenoids are examples of lipids that are either essential or considered important for plant-feeding insects. Sterols serve as structural components in cellular membranes and as precursors for steroid hormones (e.g., molting hormone). Most plant-feeding insects also have a dietary requirement for polyunsaturated fatty acids. Generally plant-feeding insects grow well when linoleic or linolenic acid is present in the diet (Dadd, 1985) . The effect of omitting fatty acids from the diet varies from species to species. For example, in the Lepidoptera and Hymenoptera, adults fail to develop properly if linolenic acid is omitted from their larval diet (Chapman, 1998) .
Growth during the last larval stadium is entirely somatic and characterized by a great accumulation of a lipid rich fat body. With poor dietary lipid both larvae and adults had to synthesize additional lipid from carbohydrate to supplement absorbed lipids for growth demands. Almost all absorbed and synthesized lipids were used for somatic growth in the larvae and for ovarial growth in the adults. Some carbohydrate was used for lipid synthesis but very little was used for growth (Woodring et al., 1979) . Compensatory feeding among low-protein larval diet is correlated with significantly higher fat content in larvae, pupae and adults, whereas low-sucrose animals were substantially leaner than those on the control diet. These differences may have strong effects on adult physiology, reproduction, and foraging patterns (Avila, et al., 2003) .
Our data showed that through out all dietary treatment, the total body weight of both males and females was positively correlated to potato irradiation doses. and the lightest weights for both males and females were recorded at the control. This could be related to the higher lipid contents which are synthesized from carbohydrate. Smith et al., (2006) stated that the consumption of energy-rich diets can lead to obesity and is associated with deleterious consequences. The authors reared Plutella xylostella caterpillars for multiple generations on carbohydrate-rich foods and they noticed the restriction to a high-carbohydrate diet over multiple generations in Plutella leads to lowered deposition of body fat for the same consumption of carbohydrate, whereas restriction to a low-carbohydrate diet leads to enhanced fat storage. These results strongly imply that excess fat storage has a fitness cost and that such a cost is worth paying in environments where carbohydrate is scarce.
Generally, it is well known that chemical compounds and alkaloids or other secondary plant metabolites can be considered as feeding or oviposition inhibiting agent for many insect specie (Vigneron,1978) . It is generally believed that Lepidoptera, as is the case in many holometabolous insects, rely primarily on nutrients accumulated during the larval stage for somatic maintenance and reproductive output { (Telang et al., 2001) and (Stephanei and Fischer, 2005) }.
The results of the present work may discuss the reasons of disturbance in the percentage of emergency, fecundity, fertility and malformations of Ph operculella, fed as larvae on irradiated potato tubers with the doses 50, 70, 100, 150 and 200 Gy which previously observed by Haiba, (1994 and 2000) because the diet plays an important role in egg production by female insects. Dietary deficiencies may result in a disturbance of yolk synthesis. Storage protein have been found to play a major role in insect metamorphosis and egg production and are accumulated during the actively feeding larval stage (Telang et al., 2002) . The importance of larval nourishment for mosquito, Ochlerotatus atropalpus, was studied by Telang and wells, (2004) they showed that larval nourishment strongly influenced autogenous eggproduction: female larvae that were nutritionally stressed emerged as smaller adults, produced fewer eggs and emerged with less protein, lipid and glycogen stores.
In conclusion, the potato tuber irradiation affected significantly the whole body contents of nutritional materials, carbohydrates, proteins and lipids. Additional research is training now to determine the effect of potato irradiation on fatty and amino acids of PTM to more understand of the disturbance of its biology.
